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(57) Abstract 



The invention relates to a control circuit system for controlling one or more parameters in a circuit with at least one opera- 
tional stage (4), in the form of a delay stage or a logic stage, said operational stage comprising at least one operational circuit 
(37), at least one operational current source (34) for supplying a drive current for said operational stage, and at least one opera- 
tional load (41). The operational stage comprises further a number of controllable components (34 and 42, 44) of said operational 
current source (34) and of said operational load (41), admitting control of the size of the drive current and of the load, respective- 
ly, in said operational stage. At least one reference stage (2) includes essentially an image circuit (10, 20) of said operational stage 
(4) with a reference current source (10) for supplying a drive current for said reference stage and a reference load (20), comprising 
a number of controllable reference components (10 and 20), admitting control of the size of the drive current and the load, respec- 
tively, of the reference stage. The reference stage, by means of a reference quantity (l re r) controls the currents of said reference 
and operational current sources (10 and 34) to said reference load (20) and said operational load components (42, 44), re- 
spectively. 
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A control circuit system for control of parameters 
in logic circuits or similar. 

5 

Technical area 

The present invention relates to a control circuit system 
for controlling one or more parameters in a circuit with 
at least one operational stage, particularly a 
10 differential stage, in the form of delay stage or a logic 
stage, said operational stage including 

at least one operational circuit, at least one operatio- 
nal current source for supplying a first drive current to 
said operational stage, and at least one operational load. 
15 The conception control includes here optimization and the 

conception parameter includes power and/ or bandwidth and/ or 
delay. 

The state of the art 
20 Power optimization and/or bandwidth optimization of logic 

circuits up to now has been obtained by designing different 
logic parts with different bandwidth, to enable optimization 
of bandwidth and by this reduction of power consumption. 

As regards delay stages the state of the art includes 
25 different possibilities. 

The most usual way is to adjust a threshold level or a 
decision point along a flank and thereby shift a switch-over 
of a following stage forwards or backwards in time. 

Another method is to add or subtract a capacitive load in 
30 a circuit stage for coarse adjustment and change the current 
for fine adjustment. 

A third method is to use diodes a~s collector loads. By 
varying the current through the diodes the resistances of 
these will vary, which in turn changes the time constants of 
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the circuit. 

Description of the invention 

The object of the invention is to provide a control 
5 circuit system, which enables control of the bandwidth of 
various delay and logic circuits in a controlled way. 

This object is achieved by a control circuit system of 
the kind defined by way of introduction comprising 

a number of first controllable current source and load 
10 components of said operational current source and said opera- 
tional load for admitting control of the magnitude of said 
first drive current and of said operational load, 
respectively, 

at least one reference stage comprising essentially an 

15 image circuit of said operational stage with 

a reference current source for supplying a second drive 
current for said reference stage, and a reference load, said 
reference current source and said reference load comprising a 
number of second controllable current source and load 

2 0 components for admitting control of the magnitude of said 
second drive current and of said reference load, 
respectively, and being essentially identical to said first 
current source and load components, respectively, said 
reference stage also including 

2 5 an input stage connected for receiving an adjustable 

reference parameter and for controlling, by means of said 
reference parameter, current supply from said reference 
current source and said operational current source to said 
second and first controllable load components, respectively, 

3 0 a comparison and control circuit connected for comparing 

the magnitude of said reference load with a load reference 
and for controlling an operational parameter of said 
reference load components and operational load components so 
as to keep the relationship between said reference load and 
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said load reference the same irrespective of the magnitude of 
the current through said reference load, and thereby keep the 
operational point of said operational stage constant for 
various drive currents in the latter. 
5 The system according to the invention fulfils a requi- 

rement of being able to control the bandwidth, i.e. the 
speed, of various logic circuits and delay stages in a 
controlled manner. Of a number of different applications of a 
control circuit system according to the invention the 
10 following can be mentioned: 

- Delay line for e.g. data or clock signals. 

- Oscillators where a delay stage determines the feedback 
time and by this the frequency 

- Filter with controllable parameters 

15 - Power optimization of logic circuits. Because the drive 

current is directly proportional to the bandwidth it is 
possible to design circuits which can be adapted to various 
speeds. By this it is possible to save power at lower speeds, 
based upon the understanding that unnecessary fast logic is 

2 0 not necessary. 

According to a preferred embodiment of the invention said 
reference parameter is a reference current and said input 
stage includes a transistor component connected for 
throughflow of said reference current, and said reference and 

25 operational current sources include each an essentially 

identical transistor component, the control electrodes of 
which being connected to a voltage outlet of said transistor 
component of said input stage. 

Said transistor components of said input stage and said 

30 reference current source may be preferably interconnected in 
a current image circuit. 

The load components of said reference stage and said 
operational stage are preferably transistor components, 
having control electrodes to which a voltage output from said 
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comparison and control circuit is connected. 

Said comparison and control circuit may then include an 
operational amplifier having a first input connected for 
sensing the voltage over said load transistor component of 
5 said reference stage and a second input connected for sensing 
a fixed reference voltage constituting said load reference. 

Preferably said transistor components of said reference 
and operational current sources may be NMOS-transistors and 
said transistor components of said reference and operational 
10 loads may be PMOS-transistors. 

The control circuit system according to the invention can 
further comprise a number of reference stages, loads and 
current sources of the operational stage can be of different 
size than corresponding elements of the reference stage, and 
15 the operational stage can include various combinations and 

numbers of operational stage, operational current source and 
operational load. 



20 Descriptions of the Figures 

The invention will now be described in detail with 
reference to the shown embodiments on the enclosed drawings, 
where 

Figure 1 shows a circuit diagram of one embodiment of the 
25 control circuit system according to the invention, 

Figure 2 shows a circuit diagram of a further embodiment 
of the control circuit system according to the invention, 

Figure 3 shows a circuit diagram of a current controlled 
oscillator, which schematically illustrates an application of 
3 0 the invention for frequency control of a feedback delay stage 
chain, and 

Figure 4 shows a circuit diagram, which schematically 
illustrates an application of the invention in a mixed logic. 
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Preferred embodiments 

In Figure 1 a reference stage is generally designated 2, 
and a logic stage or a simple delay stage is generally 
designated 4. To the right of the stage 4 the same is also 
5 shown symbolized as a delay stage. The task of the reference 
stage 2 is , as described in detail below, to keep the 
operational point of the logic stage/delay stage 4 constant 
for various drive currents. 

The reference stage 2 as an input has a current image 

10 circuit, generally designated 6, which can be of a 

conventional design per se. More specifically, the current 
image circuit 6 includes two NMOS-transistors 8 and 10, which 
are arranged with their respective control electrodes 12 and 
14 interconnected, and with their respective emitter elec- 

15 trodes 16 and 18 connected to a minimum voltage V £E of the 
reference stage 2 and the logic stage 4. The collector 
electrode 19 of the transistor 8 is connected for receiving a 
reference current I re f and interconnected with the control 
electrodes 12 and 14. Due to the current I ref flowing through 

20 the transistor 8 a voltage V RE caused by the resistance of 

the transistor 10 appears on the control electrode 12 of the 
transistor 8 as well as on the control electrode 14 of the 
transistor 10. For the transistor 10 the conception 
"reference current source" is here introduced for reasons, 

25 which will become apparent from the description below. 

The transistor 10 in series with a PMOS-transistor 20 is 
connected in parallel with two resistances Rl and R2 between 
the voltage V £E and a maximum voltage V cc . The PMOS- 
transistor 20 constitutes a collector load of the NMOS- 

30 transistor 10. An operational amplifier 22 has a plus-input 
24 connected to a voltage outlet 26 between the transistors 
10 and 20, and a minus-input 28 connected to a voltage outlet 
30. The output of the operational amplifier 22 is connected 
to the control electrode 32 of the PMOS-transistor 2 0 and has 
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a voltage designated V RC . For the transistor 2 0 the 
conception "reference load" is here introduced for reasons 
which will become apparent from the further description 
below. 

Between the voltage points V £E and V cc the logic stage 4 
has an NMOS transistor 34 identical with the transistors 8 
and 10 and a collector load, generally designated 36, of the 
transistor 34. The collector load 36 on the one hand includes 
an operational stage generally designated 37, comprising a 
differentially connected stage of two transistors 38 and 40, 
and on the other hand an operational load generally 
designated 41. The operational load 41 comprises two PMOS- 
transistors 42 and 44, which constitute a collector load of 
the transistors 38 and 40, respectively. The transistors 42 
15 and 44 are identical to the PMOS -trans is tor 20. On the 

respective control electrodes the transistor 34 is controlled 
by the voltage V RE and the transistors 42 and 4 4 by the 
voltage V RC . The inputs INP and INN, at 46, of the operatio- 
nal stage 37 are connected to the base electrodes of tran- 
20 sistors 38 and 40, respectively, and their outputs UTP and 
UTN, at 48, are connected to the respective collector 
electrodes of the same transistors. 

The way of operation of the described circuits is as 
follows. 

25 The task of the reference stage 2 is to keep the 

operating point of the logic stage 4 constant for different 
drive currents. The reference stage 2 is an image circuit of 
the logic stage, and its PMOS- and NMOS-transistors have the 
same dimensional values as those in the logic, or are 
specifically related thereto. The reference current I ref is 
reflected partly to the PMOS-transistor 20 in the reference 
stage and partly to all controlled logic circuitry via the 
voltage reference V R£ . By this all controlled current sources 
work with the same reference. 



30 
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To keep the output signal from the logic circuitry at 48 
constant and independent of the collector resistance, it is 
necessary to adjust the collector load 42/44 in response to 
the current received from the current source 34, which is 
5 done by the reference stage 2. The reference stage has an in- 
ternal voltage reference in the form of the voltage divider 
R1/R2 with the reference voltage V r . This voltage is compared 
by the operational amplifier 22 with the voltage over the 
collector load 20. By means of the operational amplifier 22 

10 the resistance of the collector load 20 is adjusted so as to 
keep the voltage drop over the latter similar to that over 
the resistance Rl irrespective of the magnitude of the 
current drawn through the transistor 20. The control voltage 
V RC on the load 20 is distributed to all controlled logic, 

15 whereby all collector loads of the reference stage and the 

logic stage become equal. Since the swing over the collector 
load is small the load can be considered as purely resistive. 

The voltage/time derivative of the output signal from a 
differential stage, as the stage 38,40, is determined by the 

20 time constant of the load 42/44 in the stage since the 
bipolar transistors can be considered as ideal current 
sources. The loads can be considered as pure RC-loads with 
the resistance of the PMOS-transistors 42 and 44 and the 
capacitance consisting of the parasitic capacitances of the 

25 latter and of the transistors 38,40, and connection network 
plus loads following thereafter. The capacitive loads are 
constant whereas the resistance can be controlled via the 
control voltage V RC of the PMOS-transistors 4 2,44. The swing 
of the output signal at 48 is determined by the current from 

30 the current source, i.e. the NMOS -trans is tor 34 and the load 
resistance 42/44. The current can be controlled via the 
control voltage V RE on the NMOS-transistor 34. 

The circuit shown in Figure 1 is a basic building block, 
which can be varied in many ways in order to provide the 
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desired function. What always is common is however the 
collector resistances and the current sources and their 
location toward positive and negative supply voltage, 
respectively. 

5 Figure 2 illustrates how logic circuitry can be built 

with the aid of the parts, which are shown in the basic logic 
stage 4 in Figure 1. Parts corresponding to those in Figure 1 
have been provided with the same reference designations. More 
particularly, what is shown as an example is the design of an 
10 exclusive-OR-gate which is bandwidth controlled in accordance 
with the invention. To the right of the detailed circuit the 
established symbol thereof is shown. As the gate circuit is 
of a conventional type known per se, it is not necessary to 
describe its design in detail here. 
15 Shortly, however, the circuit is of a differential type, 

i.e. each logic input, designated A and B, respectively, of 
the operational stage 37, is associated at each input with 
two differentially operating signal conductors INP and INN. A 
logic high level, or 1, on input A implies that INP on A is 
20 more positive than INN on A. A logic low level, or 0, on A 
implies that INN is more positive than INP. The same 
reasoning is of course also valid for the differential output 
of the operational stage, designated X. 

The function of the gate can be described as follows: 
25 If the status of the inputs is regarded as a vector 

(A,B), the vectors (0,0) and (1,1) shall result in a logic 0 
on the output, and the vectors (0,1) and (1,0) shall result 
in a logic l on the output. 

Considering the transistor circuit diagram, the vector 
30 (0,1) makes the current from 34 to be conducted through Ql 
and Q4, this resulting in UTN being low and UTP being high. 
The vector (0,0) makes the current to be conducted through Q2 
and Q6, which makes UTP to be low and UTN to be high, and so 
on. The transistors Q7 and Q8 and the current drains NM2 and 
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NM3 have the purpose to achieve a voltage shift in order for 
the logic levels to work practically. By means of the circuit 
solution shown, the drive currents through the transistors Q7 
and Q8 will have the same magnitude as the one through the 
5 logic circuitry. 

In the control circuit system according to the invention, 
e.g. according to Figure 1 or 2 , or the further embodiment 
described below, the reference stage and the controlled logic 
circuitry /delay circuit are preferably arranged on the same 

10 substrate, here silicon, in order to make different 

parameters, temperature etc. equal for the reference stage 
and logic circuitry, respectively. It is also possible to use 
several reference stages more locally and distribute currents 
to these and by this avoid problems, if any, resulting from 

15 temperature gradients. 

Loads and current sources in the controlled logic 
circuitry or the delay circuit can exhibit various sizes, 
i.e. be scaled up and down or in different directions in 
relation to the ones of the reference stage, but the control 

20 of the parameters of these is always maintained. 

In Figure 3 there is illustrated the use of a reference 
stage of the type described above in association with a delay 
circuit in the form of a current controlled oscillator. In 
the Figure the reference stage is designated 50, said stage 

25 creating the two reference quantities V RC and V RE with the 
aid of a reference current I re f The oscillator can be 
designed in a way known per se with two delay stages 52 and 
54, which both will receive the said reference quantities. 
The delay stages 52, 54, in their simplest form, can be 

3 0 designed as the stage 4 in Figure 1. In general, however, 

they can include several such basic logic stages depending on 
the application. The input of the stages 52, 54 indicates 
that the stages are bandwidth controlled by a reference 
coming from a reference stage. 
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In Figure 4 there is illustrated the use of two reference 
stages of the type described above for bandwidth control of 
mixed logic circuitry. The reference circuits are here 
designated 60 and 62, respectively, and generate each the 
reference quantities V RC and V RE with the aid of a respective 
reference current I refl and I ref 2 , respectively. These 
reference quantities are supplied to five logic stages in the 
way shown, said stages being only shown symbolically as two 
D-flipflops 64 and 66, one exclusive-OR gate 68, one OR-gate 
70 and one AND-gate 72, respectively. The gate 68 can be 
designed as described above with reference to Figure 2. 

The stages 52, 54, 64-72 have in common that they can 
each be defined as comprising, in accordance with the 
invention, and in the same way as in Figures l and 2, 
although not shown in Figures 3 and 4: 

at least one operational circuit, at least one operatio- 
nal current source for supplying a first drive current to 
said operational stage, and at least one operational load, 
and a number of first controllable current source and load 
components of said operational current source and said opera- 
tional load for admitting control of the magnitude of said 
first drive current and of said operational load, 
respectively . 

Furthermore, the reference stages 50, 60 and 62 have in 
common that they can each be defined, also in accordance with 
the invention, and in the same way as shown in Figures l and 
2, although not shown in Figures 3 and 4, as comprising an 
image circuit of the operational stage with 

a reference current source for supplying a second drive 
current for said reference stage, and a reference load, said 
reference current source and said reference load comprising a 
number of second controllable current source and load 
components for admitting control of the magnitude of said 
second drive current and of said reference load, 
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respectively, and being essentially identical to said first 
current source and load components, respectively, said 
reference stage also including 

an input stage connected for receiving an adjustable 
5 reference parameter and for controlling, by means of said 
reference parameter, current supply from said reference 
current source and said operational current source to said 
second and first controllable load components, 

a comparison and control circuit connected for comparing 

10 the magnitude of said reference load with a load reference 
and for controlling an operational parameter of said 
reference load components and operational load components so 
as to keep the relationship between said reference load and 
said load reference the same irrespective of the magnitude of 

15 the current through said reference load, and thereby keep the 
operational point of said operational stage constant for 
various drive currents in the latter. 
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Claims 

1. A control circuit system for controlling one or more 
parameters in a circuit with 

at least one operational stage (4 ;52 , 54 ;64-72) , parti- 
cularly a differential stage, in the form of delay stage or a 
logic stage, said operational stage including 

at least one operational circuit (37) , at least one 
operational current source (34) for supplying a first drive 
current to said operational stage, and at least one 
operational load (41) , 

said control circuit system being characterized by also 
comprising 

a number of first controllable current source and load 
15 components (34 and 42,44, respectively) of said operational 
current source (34) and said operational load (41) for 
admitting control of the magnitude of said first drive 
current and of said operational load, respectively, 

at least one reference stage (2; 50; 60, 62) comprising 
20 essentially an image circuit (10,20) of said operational 
stage (4) with 

a reference current source (10) for supplying a second 
drive current for said reference stage, and a reference load 
(20) , said reference current source and said reference load 
25 comprising a number of second controllable current source and 
load components (10 and 20, respectively) for admitting 
control of the magnitude of said second drive current and of 
said reference load, respectively, and being essentially 
identical to said first current source and load components, 
respectively, said reference stage also including 

an input stage connected for receiving an adjustable 
reference parameter (I ref ) and for controlling, by means of 
said reference parameter, current supply from said reference 
current source (10) and said operational current source (34) 
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to said second and first controllable load components 
(42,44; 20) , respectively, 

a comparison and control circuit (22-28) connected for 
comparing the magnitude of said reference load (20) with a 
5 load reference (V r ) and for controlling an operational 
parameter of said reference load components (20) and 
operational load components (42,44) so as to keep the 
relationship between said reference load (20) and said load 
reference (V r ) the same irrespective of the magnitude of the 
10 current through said reference load, and thereby keep the 
operational point of said operational stage constant for 
various drive currents in the latter. 

2 . A control circuit system according to claim 1 , 
characterized by said operational parameter of said reference 

15 load components and operational load components being the 
voltage drop over the respective components* 

3 . A control circuit system according to claim 1 or 2 , 
characterized by said reference parameter being a reference 
current (I re f) and said input stage including a transistor 

20 component (8) connected for throughflow of said reference 
current, and by said reference and operational current 
sources including each an essentially identical transistor 
component (10 and 34, respectively))., the control electrodes 
of which being connected to a voltage outlet (12) of said 

25 transistor component (8) of said input stage. 

4 . A control circuit system according to claim 3 , 
characterized by said transistor components (8 and 10) of 
said input stage and said reference current source being 
interconnected in a current image circuit. 

3 0 5. A control circuit system according to any of the above 

claims, characterized by said load components (20 and 42,44, 
respectively) of said reference stage (2) and said 
operational stage (4) are transistor components, having 
control electrodes to which a voltage output from said 
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comparison and control circuit (22-28) is connected. 

6. A control circuit system according to claim 5, 
characterized by said comparison and control circuit 
including an operational amplifier (22) having a first input 
(24) connected for sensing the voltage over said load 
transistor component (20) of said reference stage and a 
second input connected for sensing a fixed reference voltage 
(V r ) constituting said load reference. 

7. A control circuit system according to claim 3 or 4, 
characterized by said transistor components of said reference 
and operational current sources being NMOS-transistors (20 
and 34) . 

8. A control circuit system according to claim 7 and any 
of the claims 5 or 6, characterized by said transistor 
components of said reference and operational loads being 
PMOS-transistors (20 and 42,44). 

9. A control circuit system according to any of the 
preceding claims, characterized by comprising a plurality of 
reference stages (60,62). 

10. A control circuit system according to any of the 
preceding claims, characterized in that loads (41) and 
current sources (34) included in said operational stage (4) 
have another size than corresponding loads and current 
sources included in said reference stage (2) . 

11. A control circuit system according to any of the 
preceding claims, characterized by said operational stage (4) 
including different combinations and numbers of operational 
circuits (37) , operational current source (34) and 
operational load (41) . 

12. A control circuit system according to any of the 
preceding claims, characterized by said controlling one or 
more parameters including optimization, and said parameters 
include power and/or bandwidth and/or delay. 
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